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T he epidermolysis bullosa acquisita (EBA) antigen is iden-
tified as 2 chains: a 290,OOO-dalton protein and a less prom-
inent 145,OOO-dalton protein. The 290,OOO-dalton chain is 
synthesized by human keratinocytes in culture. In this study, 
we show that the 290, OOO-dalton chain is synthesized by 
human skin fib roblas ts and cutaneous human tumors. In 
contras t, HT1080 cells, a human sarcoma cell line known 
to produce m atrix molecules (such as laminin and type IV 
collagen), does no t synthesize the EBA antigen. Further, 
the EBA antigen is absent from serum and blood com-
T he basement m em brane (B M Z) that separates the ep-idermis from the dermis of skin consis ts of large m a-tri x molecules such as lamin in, type IV collagen, and heparan sul fa te proteoglyca n [1]. In addition to these m olecules th at are found also in the BMZ of mes-
enchy m al ti ss ues such as kidney and blood vessels, the B M Z 
beneath skin and o ther stra tified squ am ous epithelium has at least 
2 unique co m ponen ts: the bullous pemphigoid (BP) antigen and 
the epidermo lys is bullosa acquisita (EBA) antigen [1-3]. These 
components are distinct from each other and all other known 
B M Z components. We have previously shown that the EBA 
antigen in human skin is recognized as 2 chains (M, = 290,000 
and M, = 145,000) by Western blot analysis [3]; is found only in 
mam m alian tissue and no t in tissues fro m bi rds, am phibians, o r 
reptiles [4]; is localized to the lamina densa region ofBMZ [3, 5) 
benea th stra tified squam ous epithelium but is absent in the BMZ 
o f kidney, blood vessel, placenta, or urinary bladder [4) ; appears 
at 8-10 weeks of ges tation [4) ; contains carbohydrate and collagen 
do m ains [6]; and is synthesized in culture by human keratinocytes 
[7). In this repo rt , w e show that EBA antigen is synthesized by 
human fib roblas ts as well as human kera tinocytes but is no t syn-
thesized by HT1 080 cells, a human fi b rosarco m a cell line [8) 
known to produce large am ounts o fl aminin and type IV collagen 
[9] (which share the lamina densa region of BMZ with the EBA 
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ponents, placenta, amnion, lung, and the EHS tumor, a 
murine sarcoma that produces large am ounts of laminin, 
type IV collagen, nidogen, entactin , and basement mem-
brane proteoglycan but is present in cutaneous tumors of 
adnexal and epithelial origin. These data suggest that while 
the EBA antigen is synthesized by both human skin ke-
ratinocytes and fibroblasts and is therefore not specific for 
a primordial germ layer, it does appear to be specifi c for 
tissue containing a stratified squamous epithelium. ] Invest 
D ermatol 87:227- 231, 1986 
antigen [10]) , as well as fi bronectin . T he EBA antigen also is 
absent from human lung, placenta, amni on , serum, and blood . 
Further, the EBA antigen is not fo und in the EH S tumor, a 
transplantable murine tumor that produces large am ounts of base-
ment m emb ra ne m olecules [1 ,11] , but is abundant in human cu-
taneous tu m ol's. 
MA TE RIALS AND METHODS 
Antibodies An HJa murine monoclonal antibody known to 
specifically bind to the lamina densa by indi rect immunoelectron 
microscopy and to the 290 kD and 145 kD chains of the EBA 
antigen by Wes tern blot analysis [12] was used in addition to 4 
sera fro m EBA patients. These 4 sera have been previously char-
ac terized [3] and are know n to: (1) bind the lamina densa by 
indirect immunoelectron mi croscopy [3); (2) stain only the dermal 
side of human skin separated th rough the cutaneous BMZ by 
incubation in 1 M N aCl [3]; (3) label the 290 kD and 145 kD 
chains by Wes tern blot analysis in BMZ extracts o f human skin 
[3]; (4) no t react with laminin , fibronectin , elas tin , B P antigen , 
or co llagen types I, IV, and V [3]; and (5) immunoprecipitate the 
290 kD chain from human keratinocy te cultures grown in the 
absence of serum and m esenchymal cells [7]. 
Controls for the H3a monoclonal antibodies included no rm al 
m ouse serum and culture medium for th e hybridom a cells. Con-
trols fo r the EBA sera included 4 sera from " normal" human 
beings and 4 sera from patients w ith BP, a subepiderm al blistering 
disease that is distinct from EBA . The 4 BP sera have been pre-
viously characterized [1 3] by immunoflu orescent staining of intact 
and salt-separated skin . 
Antibodies to o ther m atrix m olecules were used including a 
m onoclonal antibody to human type IV collagen [1 4], affinity-
puri fied sheep polyclonal antibodies to laminin and type IV col-
lagen deri ved fro m the EH S tumor [15], and a commerciall y 
ava ilable (BRL Laboratories, Bethesda, M aryland) rabbit antilam-
inin antibody. Controls fo r these antibodies were hybrido m a cul-
tu re medium, normal sheep serum, and norm al rabbit seru m. 
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Cell Cultures Human skin fibroblas ts were initiated into cul-
ture according to Kahaleh et al [1 6), and passaged 3 times. The 
cultures were made in Eagle's minimal essential medium (Gibco) 
with 10% fetal calf serum added. HTI 0S0 cells were obtained (a 
gift from Dr. Eugene Siegal) and kept in the same medium . 
Immunofluorescent Studies Multiple human cutaneous tu-
mors, multiple specimens of human skin , and 2 specimens of 
human lung were obtained as fres h surgical specimens, washed 
briefl y in ice-cold 0. 15 N aCI, 0.2 M N aP04, pH 7.2 (PBS), and 
th en qui ck-frozen in liquid nitrogen. The EHS tumor transplanted 
and maintained in B-57 black mice was removed, quick-frozen, 
and sent to ~s on dry ice by D r. George Martin and Dr. H ynda 
Kleinman, Laboratory of Developmental Biology and Anomalies , 
National Institutes of Health , Bethesda, Maryland. C ryostat sec-
tions of tissues were stained by indirect immunofluorescence tech-
niques as previously described [1 3]. 
Coverslips of in situ confluent cultures of human keratinocy tes, 
human skin fibroblas ts, and HTI 0S0 cells were prepared for im-
munoflu orescent staining as previ ously described [17] . 
Western Blot Analysis Proteins from urea extracts of human 
skin BMZ were separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE), transferred to ni-
trocellulose paper, and labeled w ith EBA antibodies as previously 
described [3, IS]. Although immunofluorescent studies had in-
dicated that the EBA antigen was restri cted to th e BMZ beneath 
stratified squamous epithelium [3, 4,12), to determine whether 
EBA antigen could be detected in human dermis by Western 
blotting, a more sensitive method than immunoflu orescence, a 
human derm al extract excluding the BMZ was prepared. After 
human skin sa mples were sliced w ith a keratome to a depth of 
0.4 mm and the epidermis and BMZ physically removed, the 
underlyin g dermis was then sli ced again repea tedly at the same 
depth. The dermal slices were then handled identi cally to the skin 
BMZ preparations. Proteins also were extracted fro m whole hu-
man placenta, human amnion, lung, and the E HS tumor in an 
identical manner and subjected to SDS-PAGE and Western blot 
analysis with EBA antibodies . C lot tubes from 2 normal vol-
unteers were obtained and the sera separated fro m the blood clo ts. 
Both the sera and clots were dialyzed extensively against distilled 
water at 4°C, lyo philized and made 1 mg/ml in 0. 125 M Tris-
HC I, pH 6.S, 2% SDS, 0. 1 M dithio threitol (sample buffer) , and 
then subj ected to SDS-PAGE and Western blo t analysis. Human 
placental type V collagen prepared by acid extraction, sequenti al 
salt precipitation, and ion exchange chromatography in lithium 
acetate buffer as described by Burgeson et al [19] was also ex-
amined in an identical manner. 
Immunoprecipitation Procedures [35S]Methionine (11 09 Cil 
mmol, NEN Research Products) was added to cultures that were 
75- S5% confluent in 60-mm Petri dishes in a concentration of 50 
J.LCi/ml and the cultures maintained for an additional 24 h . All 
subsequent steps were done at 4°C . The medium was decanted, 
the cell layers washed 3 times with cold medium , and incubated 
in 1 ml of 0.01 M T ris-HC I, 0.25 M N aCI, pH 7. 4, 0.3% N onidet 
P-40, 0. 3% sodium deoxycholate, 0.001 M phenylmethylsulfon yl 
fluoride, 0.001 M ethylenediamine tetraacetate, 0.1 % bovine serum 
albumin (buffer 1) [20]. The cells were manually scraped off the 
dish and collected along with the buffer in an ultracentrifuge tube, 
vortexed for 1.5 min , sonicated for 30 s, and centrifuged at 100,000 
g for 30 min as described by Stanley et al [21]. 
An immunoprecipitation procedure according to Stanley et al 
[21] was foll owed for cell experiments with polyclonal antibodies. 
For immunoprecipitation with murine monoclonal antibodies, a 
modification (7] of the procedure of Bumol and Reisfeld [20] was 
followed. For each immunoprecipitation, 250 J.LI of stock Im-
munobeads (BioRad) containing affinity-purified rabbit anti-
mouse immunoglobulins were washed with 1 ml of 0.010 M Tris-
HC l, pH 7.4,0. 15 M N aCl, 0. 1% bovine serum albumin (buffer 
2) and incubated with 200 J.LI of medium, mouse serum , or mono-
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clonal antibod ies fo r 16 h at 4°C. T he beads with coupled antibod y 
were washed 3 tim es with cold bu ffer 2 w ith 0.5% T ween added 
and incubated with 400 J.LI (4 X 10(' cmp) of labeled cell extract 
for another 16 h. The beads were then was hed 3 times in the sam e 
buffer, placed in a cl ean tube, and 130 J.LI of sa mple buffer added . 
With each procedure, after the precipitated proteins were equi-
librated in sample buffer, the tubes were boiled for 5 min , cen-
tri fuged at 1500 g for 3 mi n, and the supern atants electrophoresed 
on a 5% SDS polyacrylamide gels, the gels dried, and a flu o ro-
gra m prepared with Kodak X-omat film as described by Bonner 
and Laskey [22]. 
RES ULTS 
Immunofluorescent Staining Antibodi es to laminin and type 
IV collagen stained the derm al-epiderm al juncti on and the dermal 
blood vessel s o f whole skin as well as the BMZ matrix in the 
EHS tumor as previously described [1 ,10, 13,23]. In contras t , 
polyclonal (patients' sera) and monoclonal (H3a) antibodies to the 
EBA antigen did not stain the EHS tumor (Fig 1) but did stain 
the BMZ of human cutaneous tumors including a trichoepithe-
lioma, a cl ea r cell acanthoma, cylind ro mas, basal cell carcinom as, 
squamous cell ca rcinomas, and keratoacanthomas (Fig 2). 
The BMZ in these tumors also labeled with antibodies to laminin 
and type IV coll agen (data not shown). N o appreciable differences 
Figure 1. Immunoflu orescent sta ining of the EHS tum or w ith an affi nity-
purifi ed sheep anti-type IV co llagen antibody «(/), an affinity-puri fi ed 
sheep antilaminin antibody (b), a rabbit antilamin in antibod y fro m BRL 
laborato ries (e), an affinity-puri fied sheep antifib ronectin antibody (d) , 
normal preimmune sheep serum (e), no rm al human serum (f), seru m 
fro m a patient w ith BP (g), and serum fro m a patient w ith EB A (II ). T he 
antibodies to type IV co llagen , laminin, and fibronect in all label the tu lllor 
m atrix (a-d) . III contras t, antibod ies in the se ra o f BP and EBA pa tients 
(g and II) as we ll as those in no rmal rabbi t (no t shown), sheep, and hu man 
sera (e and f) leave the tum or m atri x unstained w hile labeling the tumor 
cell s nOllspcci fi call y (x 300) . 
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Figure 2. Im munofluorescem sta ining of cutaneous tumors with the HJ3 
monoclonal antibody to the EBA antigen. a, Basal cell ep ithelio ma; " , 
squamous ce ll carci noma; c, ea rl y dermal invasion of a sq uamous cell 
ca rcino m a; d, deeper poorly differentiated area of the same sq uamo us ce ll 
ca rcino ma seen in (c); e, keratoacantho ma, and.r. cy lind roma showing 
well-defin ed islands surro unded by EBA antigen 3nd EBA deposits within 
the islands. g, C lea r cell acanthoma; iI . trichoepithelio ma. E = epithelia l 
cells, arrows poin t to EBA antigen of the junctional zones between in-
vading cells and stro ma. x 300. 
in the indirect immunofluorescent staining of human lung tissue 
or in situ cultures of human keratinocytes, fibrobl as ts, or HT1080 
cells with EBA (H)a o r patient's serum) or control (hybridoma 
culture medium , normal human serum, or normal mouse serum) 
antibodies could be detected (data not shown) . 
Western Blot Analysis The HJa monoclon:J! antibod y and the 
4 EBA sera labeled a 290 kD and 145 kD protein band in Western 
blots of human skin BMZ proteins as previous ly described [3,7, 12]. 
None of the o ther antibod ies o r sera used in this study labeled 
these proteins . Western blots of serum and blood proteins did 
not react with any of the 4 EBA patients' sera o r the H)a mono-
clonal antibody (Fig 3). Likewise, Western blots of proteins ex-
tracted from the EHS tum or, human placenta , human amnion, 
o r type V collagen did not label with EBA antibod ies (Fig 3). 
The EBA antigen was also absent from blo ts of proteins from 
hu man skin dermis and lung (Fi g 4). 
Immunoprecipitatiol1 Studies All 4 sera from the EBA pa-
tients and the H)a monoclonal antibody immunoprecipitated a 
290 kD protein from fibro blast culture extracts (Figs 5, 6). T his 
band was not immunoprecipitated with norma l human sera, sera 
from BP patients, mouse serum, o r hybridoma culture medium. 
In contrast, none of the experim ental o r control sera immuno-
precipitated a 290 kD pro tein from the HT1080 cell line in parallel 
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Figure 3. Western blot analysis of va rio lls proteins reacted wi th the HJa 
monoclonal antibody to the EBA antigen. Nitrocellulose paper on which 
proteins were transferred frol11 a 5% polyacry lamide gel and then sta ined 
with amido black is shown in (A) and includes the basement membrane 
ex tract (lall e 1) , proteins from 2 hum an sera (lmles 2 alld 3), proteins from 
2 human blood clo ts (lall es 4 alld 5) , human placenta and amnion extracts 
(lmles 6 alld 8), an extract of whole EHS tumor (lmle 9), and type V collagen 
(lall r 7). When these proteins are reacted w ith the H,a monoclonal anti-
bod y as shown in (8), a prominent 290 kD band labeled in the basement 
membrane extract (lmle 1) whi le the remaining lanes are unlabeled. 
Amido Anti-EBA 
Black Antigen 
1M B 0 L"M B 0 L I 
2345678 
Figure 4. Western blots of molecular weight standards (lmlrs 1 mId 5), 
skin BMZ extract (lall es 2 alld 6). sk in dermal ex tract (lmlrs 3 alld 7). and 
whole lung extract (lmlrs 4 alld 8) . Lanes 1-4 are stained for protein with 
amido black, w hile lanes 5-8 arc reacted wi th Jnti-EBA antigen antibodies 
which label only the skin BMZ extract (lall e 6) leaving the derma l and 
lung proteins lInstained (lall es 7 (/lid 8, respecti vely) . 
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Figure 5. lmmunoprecipitation of proteins in an extract of[35S]methionine-
labeled human fibroblasts with 2 sera from normal human volunteers 
(lml cs 1 all d 2) and 4 EBA patients (la//es 3-6). All of the EBA sera pre-
cipitate a 290 kD protein from the extracts. Other lower-molecular-weight 
proteins precipitated w ith the EBA sera were also precipitated with all 
or some of the normal human sera and must be regarded as nonspecific 
in th is context. 
identical experiments (Fig 7). The antilaminin polyclonal anti-
body immunoprecipitated a dominant 360 kD band (and a faint 
240 kD band), consistent w ith laminin chains electrophoresed 
under redu cing conditions (Fig 7) [23]. Preferential immunopre-
cipitation o f 1 laminin chain from human cell cultures has been 
previously documented [24] . One BP serum (BP-d) immuno-
precipitated a 360 kD band identica l to the protein immunopre-
cipitated by the antil aminin antibody (Fig 7). This band was not 
detected fro m any of the other 3 B P sera, 4 EB A sera, or 6 norm al 
sera and is clea rl y of a different molecular size than the BP antigen 
(M, = 220,000-240,000) [21] . 
DISC U SSIO N 
The EBA antigen is a maj or matrix molecule in the dermal-
epidermal junction. We have previously shown that it is synthe-
sized by human keratinocyte cultures w ithout the presence of 
234 
- 290 kd 
Figure 6. lmmunoprecipitation of proteins in an extract of \35S]methionine-
labeled human fib roblas ts w ith norm al mouse serum (lane 1), normal 
hu man serum (la ll c 2) , serum from a patient w ith EBA (lm'le 3) , and with 
the H3a monoclonal antibody to the EBA antigen (lall e 4). The EB A 
patient 's serum and the H3a monoclonal precipitate a 290 kD protein that 
is absent from the controls. 
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Figure 7. lmmunoprecipitation ofesSJmethionine-labeled pro teins from 
an extract of HT I080 cells w ith 4 EBA sera. (lall es 1- 4) , 2 normal sera 
(lall es 5 alld 6), 4 bullous pem phigoid sera (lall es 7- 10) , and antibodies to 
laminin (la lle 11). N o pro tein bands in the 290 kD range consistent w ith 
EBA antigen are precipitated by any of the sera. T he antilaminin antibody 
precipitated a 360 kD pro tein consistent with the A chain ofl aminin (la/le 
11) w hich HTI 080 cel ls are known to synthesize. A faint 240 kD band 
can be seen. It is interes ting that one of the BP sera (lall e 10) also im-
munoprecipitated the A chain of Iaminin . 
mesenchymal cells or serum [7]. We were somewhat surprised 
to find that the 290 kD EBA anti gen chain is also synthesized by 
human fi broblas ts. Therefore, the site of ori gin of the EBA an-
tigen is no t specifi call y epi thelial; rather, dermal fibroblasts are 
ca pable o f synthesizing the maj or EBA antigen chain . 
The possibility that the EB A antigen could be produced ex-
tracutaneously and transported vi a the circulation to the dermal-
epidermal junction o f skin and " trapped" is unlikely since the 
antigen co uld not be detected in serum or blood components by 
Western immune blots. 
T he antigen also could not be detected in protein extracts of 
lung, amnion, placenta, or the E H S tumor, a sarcoma known to 
synthesize large amoun ts of other matrix molecules such as type 
IV collagen , laminin , entactin , nidogen, and basement membrane 
heparan sul fa te pro teoglycan. In contrast to the EHS tumor, the 
EBA antigen was detected in every cutaneous tumor examined 
to date including those deri ved fro m epidermis (basal cell carci-
noma, squamous cell carcinom a, clear cell acanthoma, kerato-
acanthoma) and adnexa (trichoepithelioma and cylindroma) . 
Although the EBA an ti gen is found in mammalian skin and is 
synthesized in culture by keratin ocy tes and skin ftbrobl as ts, it is 
not fo und in human lung and is not synthesized by human-deri ved 
HT1 080 cells which are known to synthesize o ther basement 
membrane components such as laminin and type IV co llagen. 
The inability of HT 1080 cells to produ ce EBA anti gen vis-a-vi 
produ ction by norm al human keratinocytes and human skin fi-
broblas ts might be attributable to the fac t that HT1 080 cells are 
transform ed. H owever, this is unlikely since this ccilline readily 
synthes izes laminin , type IV co llagen, and ftbronectin [8,9]. In 
accordance with the HT1 080 data, another transplantable sar-
coma, the EH S tumo r, produces large amounts of basement 
membrane components but does not synthes ize EBA or BP an-
ti gens, bo th limited to basement membranes benea th strati fied 
squamous epithelium [1] . Taken as a whole, these results would 
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sugges t that EBA antigen is not specific for tissue derived from 
a single primordial germ layer since both epithelial cells and der-
mal fibrobl as ts are capable of synthesizing it. On the other hand , 
EBA antigen appea rs to originate from "skin-derived" cells (ke-
ratinocytes and fibrobl as ts) and is not synthesized by mesenchy-
mal fibrosarcom a cells which pres um ably arise outside of the skin 
and are ca pable of synthes izing other major BMZ components. 
It is unclea r why the minor 145 kD EBA protein is uniformly 
detected by EBA antibodies in Wes tern blots of human skin BMZ 
extract, but is not immunoprecipitated from cell cu ltures that 
synthesize the 290 kD EBA protein. One possibility is that long-
term cultures are required for synthesis of the complete antigen . 
Alternatively , our culture cond itions may not provide the nec-
essa ry requirements for complete antigen synthesis that are pro-
vided in vivo . Further, the 145 kD band may be a proteolytic 
fragment generated from the 290 kD band during the rigorous 
denaturing conditions of the Western blots. In contras t, less harsh 
conditions and shorter extraction periods prevail during immu-
noprecipitatiol1 ex periments, and this may allow for more intact 
EBA antigen species. 
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